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(54) Three-dimensional scope system for vehicles with a single camera 



(57) A single video camera (1) is installed on a ve- 
hicle body. Two still pictures of an obstacle (5) are ob- 
tained at different vehicle traveling positions. A picture 
memory (21) stores the obtained still pictures. A feature 
point extracting section (22) extracts a feature point from 
the data of the stored still pictures. A three-dimensional 
coordinate data calculating section (23) calculates the 
distance from the vehicle body to the feature point and 
the height of the feature point based on the positional 
data of the feature point on the screen and the vehicle 



traveling distance data. A stereoscopic picture forming 
section (24) forms a stereoscopic picture image of a de- 
tected obstacle based on three-dimensional coordinate 
data of the feature points. A monitor (3) displays a plan 
view or a side view showing the relationship between 
the vehicle body and the obstacle, thereby allowing a 
driver to directly grasp the distance of the obstacle. 
When the obstacle is located within a predetermined 
distance from the vehicle body, the driver is cautioned 
against a predictable collision by the alarm sound or re- 
lated image. 
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(54) STEERING ASSIST DEVICE 
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(57) A steering assist device, comprising a camera 
photographing the rearward of a vehicle, a monitor dis- 
posed at an operator seat of a vehicle, a steered angle 
sensor detecting the steered angle of a steering wheel, 
and display control means which displays an image pho- 
tographed by the camera on the monitor when the ve- 
hicle moves backward and superimposedly displays a 
guide display for assisting the operation of the vehicle 
for parking, the guide display Including a steering start 
guideline fixedly displayed at a specified position on a 
monitor screen and guiding a steering start point for 
parking and a steered amount guide mark movably dis- 
played according to the steering start guideline on the 
monitor screen In response to the steered angle of the 
steering wheel detected by a steered angle sensor, 
wherein the operator steers the vehicle while under- 
standing the steering start point for parking, steered 
amount, and the quick turn point of the steering wheel 
based on the steering start guideline, steered amount 
guide mark, and the Image of the rearward of the vehi- 
cle. 
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Description 

Technical Fieid 

5 [0001 ] The present invention reiates to a steering assist apparatus, and more particularly to an apparatus for assisting 
a steering wheel operation in parking. 

Background Art 

^0 [0002] Conventionally, an apparatus has been proposed which displays a rear side view of a vehicle on a monitor 
in the case where the target place Is out of sight from a driver due to the dead angle of the vehicle when the vehicle 
reverses. For example, Japanese Patent Examined Publication No. 2-3641 7 discloses a rear view monitoring apparatus 
for a vehicle which comprises a television camera for picking up a rear view of the vehicle, a monitor television set for 
Imaging an image picked up by the camera, a sensor for outputting an information signal related to a tire steering angle 
^5 and a circuit for generating a marker signal in response to the Infomiation signal from this sensor and superimposing 
the marker on the television image field. In this apparatus, the tire steering angle data and the marker position data 
along the reverse direction of the vehicle corresponding to its steering angle are stored in a ROM, and a predicted 
reverse locus of the vehicle in correspondence with the steering angle at that time is superimposed and displayed on 
the image picked up by the television camera on the television view field as a row of the markers. 
[0003] By such an apparatus, since the predicted reverse locus of the vehicle in correspondence with the steering 
angle together with the view field of the conditions of the road on the rear side is shown on the image field of the monitor 
television when the vehicle reverses, the driver may reverse the vehicle by manipulating the steering wheel while 
watching the television image fieid without looking back. 

[0004] However, such a conventional apparatus Is simply an apparatus that shows the relationship between a hin- 
25 drance on the rear side of the vehicle and the predicted reverse locus by showing the predicted reverse locus of the 
vehicle and provides reference information to the driver as to whether the vehicle may avoid the hindrance or not. 
[0005] In the case where the vehicle is to be parked in parallel, parking the vehicle suitably in a parking space without 
finely adjusting the steering wheel steering amount during the reverse motion leads to the possibility that the driver 
may park the vehicle In parallel with paying his or her attention to the outside of the vehicle without being nervous 
30 about the steering wheel operation. This is one of the Important advantages for the suitably parking the vehicle in 
parallel. However, the conventional rear view monitoring apparatus involves a problem that it is difficult for the driver 
to judge where the steering wheel should start to be operated and how much the steering wheel should be operated 
to park the vehicle suitably in the parking space without finely adjusting the steering wheel steering amount when the 
vehicle reverses In the case where the vehicle Is close to the parking space in which the vehicle is to be parked in 
35 parallel. Thus, it is impossible to sufficiently assist the driver for the suitable parallel pari<ing by the conventional rear 
view monitoring apparatus. 

[0006] In the case where the vehicle is to be parked in line, for example, the vehicle is reversed in parallel with a 
road, the vehicle is entered into a parking space by operating the steering wheel at a suitable position, and the vehicle 
Is guided Into the target parking position by turning the steering wheel in the reverse direction. However, in the con- 

40 ventional rear view monitoring apparatus, only with the driver viewing the predicted reverse locus of the vehicle and 
the rear view field on the television image field, it is difficult for the driver to judge where the steering wheel should start 
to be operated, where the steering wheel should be turned and how much the steering wheel steering amount should 
be selected. Accordingly, if it is possible to know the operation timing or the specific operation method In response to 
the position of the vehicle, it is possible even for the driver who is not familiar with the operation to easily operate the 

45 steering wheel. Also, if the steering information may be also obtained from other than the television image field, it is 
unnecessary for the driver to watch continually the television Image field and it is preferable for.the driver to see the 
outside of the vehicle. 



50 



55 



Disclosure of the Invention 

[0007] In view of the foregoing defects, an object of the present invention is to provide a steering assist apparatus 
by which the driver may readily recognize the steering timing when the driver parks the vehicle. 
[0008] Another object of the invention is to provide a steering assist apparatus by which the driver may readily rec- 
ognize the steering amount that is needed for parking. 

[0009] According to a first aspect of the invention, there is provided a steering assist apparatus comprising: a camera 
for picking up the rear side of a vehicle; a monitor disposed in a driver's compartment of the vehicle; a steering angle 
sensor for detecting a steering angle of a steering wheel; and a display controlling means for displaying an image 
through the camera on the monitor when the vehicle reverses and for superimposing and displaying a guide display 
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on the monitor for assisting the drive of the vehicle during parking, wherein the guide display includes a steering start 
guide line fixedly displayed In a predetermined position of an image field of the monitor for guiding a steering start 
position for parking, and a steering amount guide mark moved and displayed along the steering start guide line on the 
image field of the monitor in correspondence with a steering angle of the steering wheel detected by the steering angle 
5 sensor. 

[0010] According to a second aspect of the Invention, there is provided a steering assist apparatus for assisting a 
steering operation when a vehicle is reversed to be parked, comprising a yaw angle detecting means for detecting a 
yaw angle of the vehicle, a reference setting means for setting a zero position of the yaw angle, a steering angle sensor 
for detecting a steering angle of a steering wheel, and a guide means for Identifying a position of the vehicle in accord- 
10 ance with the steering angle detected by the steering angle sensor and the yaw angle detected by the yaw angle 
detecting means and for providing steering infonnation to the driver. 

Brief Description of the Drawings 

15 [0011] 

Fig. 1 is a side elevational view showing a vehicle on which mounted is a steering assist apparatus In accordance 
with a first embodiment of the present invention, 

Fig. 2 is a block diagram showing a structure of the steering assist apparatus according to the first embodiment 
20 of the present invention. 

Figs. 3A to 3F are views schematically showing, in a stepwise manner, monitor Image fields and positions of the 
vehicle In parking in parallel In accordance with the first embodiment, respectively, 
Fig. 4 is a view showing a method for depicting a guide display, 

Fig. 5 is a side elevational view showing an image range of a camera of the steering assist apparatus according 
25 to the first embodiment, 

Figs. 6A to 6C are views schematically showing the monitor image fields and the vehicle positions of the cases in 
which the vehicle positions are different when the steering starts for parallel parking in accordance vyith the first 
embodiment, respectively, 

Figs. 7A to 7E are views schematically showing, In a stepwise manner, monitor image fields in parking In line In 
30 accordance with a second embodiment, respectively, 

Fig. 8 is a view schematically showing, in a stepwise manner, the positions of the vehicle In parking In line in 
accordance with the second embodiment. 

Fig. 9 is a block diagram showing a structure of a steering assist apparatus in accordance with a third embodiment, 
Fig. 10 is a view showing sound steering Information corresponding to the positions of the vehicle in parking in 
35 line in accordance with the third embodiment, 

Fig. 11 is a view showing a monitor Image field In accordance with a modification of the third embodiment, 

Fig. 12 Is a block diagram showing a structure of the steering assist apparatus in accordance with the fourth 

embodiment of the present Invention, 

Fig. 13 is a view schematically showing, in a stepwise manner, the positions of the vehicle in parking in parallel in 
40 accordance with the fourth embodiment. 

Fig. 14 Is a view schematically showing, in a stepwise manner, the positions of the vehicle In parking in line in 
accordance with the fourth embodiment, and 

Fig. 1 5 is a block diagram showing a structure of the steering assist apparatus in accordance with the fifth embod- 
iment of the present invention. 

45 

Best Mode for carrying out the Invention 

[001 2] The embodiments of the present invention will now be described with reference to the accompanying drawings. 
so First Embodiment: 

[0013] As shown in Fig. 1 , a camera 2 for picking up a rear view of a vehicle 1 Is mounted on a rear portion of the 
vehicle 1 . A rear bumper 3 of the vehicle 1 Is included on.an end portion of the close side of the view field range of the 
camera 2. A monitor 4 that is composed of a color type liquid crystal display Is disposed In the driver's compartment 
55 of the vehicle 1 , used normally as a display device for a navigation system and adapted to display an image picked up 
by the camera 2 when a shift lever 5 In the driver's compartment is operated to a reverse position. 
[0014] Front wheels 6 as steered wheels are operated by the operation of a steering wheel 7. A steering angle OT 
is represented by a value KG obtained by multiplying the steering angle 0 of the steering wheel 7 by a coefficient K. 
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[0015] A stmcture of a steering assist apparatus in accordance with a first embodiment of the present invention is 
shown In Fig. 2. An image processing unit 8 as a display controlling means is connected to the camera 2. and a monitor 
4 is connected to the image processing unit 8 through a monitor controller 9. A rear position switch 10 for detecting 
whether the shift lever 5 is switched to the reverse position or not is provided In the vehicle 1 , and this rear position 
switch 1 0 is connected to the image processing unit 8. Furthermore, a steering angle sensor 1 1 for detecting the steering 
angle 9 of the steering wheel 7 is mounted on a steering shaft of the steering wheel 7, and this steering angle sensor 
11 is connected to the image processing unit 8 through a steering angle calculation section 12. 
[001 6] Nomnally, the monitor controller 9 receives a display signal from the navigation system (not shown) to display 
it on the monitor 4. When the display signal Is inputted from the Image processing unit 8, a display on the monitor 4 is 
conducted on the basis of the display signal from the image processing unit 8. Also, the steering angle calculation 
section 12 calculates the steering angle 67 of the front wheels 6 from the steering angle 9 of the steering wheel 7 
detected by the steering sensor 11 and outputs It to the Image processing unit 8. 

[0017] The image processing unit 8 is provided with a CPU 13, a ROM 14 which stores a controlling program, an 
image processing processor 1 5 for processing the image data from the camera 2, an image memory 1 6 for storing the 
IS image data processed by the Image processing processor 1 5 and a RAM 1 7 for working. 

[0018] The display controlling means is fomned by such an image processing unit 8, the monitor controller 9. the rear 
position switch 10, the steering angle sensor 11 and the steering angle calculation section 12. 
[001 9] The CPU 1 3 operates on the basis of the controlling program stored in the ROM 1 4. When the CPU 1 3 detects 
the fact that the shift lever 5 is switched to the reverse position by the rear position switch 10, the CPU 13 displays 
each guide display of steering start guide lines 100 and 110, a vehicle width guide line 140 and a vehicle locus guide 
line 20 shown in Fig. 3A and the steering amount mark 120 shown in Fig. 3C In a view field 19 of the monitor 4 In a 
superimposed manner on the image of the camera 2. 

[0020] A display data of the steering start guide lines 1 00 and 11 0 to be displayed in a fixed manner at predetermined 
positions of the image field 1 9 of the monitor 4 in-espectlve of the steering operation of the steering wheel 7 is stored 
in the ROM 14. The steering start guide lines 100 and 110, indicated by the solid lines of Fig. 3A, are line segments 
indicating suitable steering start positions for parking In parallel. The steering start guide line 100 Is a steering start 
guide line for right reverse parking for performing the right reverse pari<ing, and the steering start guide line 110 Is a 
steering start guide line for left reverse pari<lng for perfomning the left reverse partcing. 

[0021] Also, the steering amount mark 120 is, for example, a red circle sign displayed by the CPU 13 along the 
steering start guide line 100 or 110 in response to the magnitude of the steering wheel steering angle detected by the 
steering angle sensor 11 . The larger the steering wheel steering angle 9, the more downwardly on the image field 19 
the steering amount mark 120 will move on the steering start guide line 100 In the case where the steering wheel is 
steered clockwise and on the steering start guide line 110 in the case where the steering wheel is steered counter- 
clockwise, respectively. 

[0022] Furthermore, a pair of right and left vehicle width guides 140 depicted by the solid lines in Fig. 3A Is a guide 
for indicating the predicted positions of both side portions of the vehicle 1 in reversing straight by the CPU 13 on the 
basis of the full width data of the vehicle 1 stored in advance in the ROM 1 4, and depicts the hypothetical outer con- 
figuration lines of the horizontally projected pattern of the vehicle when the vehicle 1 is arranged in a hypothetical 
manner in contact with the rear bumper of the cun-ent vehicle position. A line segment 141 on the lower side of the 
vehicle width guides 140 is a bumper line Indicating the current position of the rear bumper of the vehicle. 
[0023] Also, the CPU 13 calculates the predicted locus of the vehicle 1 in reversing with the steering angle 6 of the 
steering wheel 7 at that time from the output signal of the steering angle calculation section 1 2. The vehicle locus guide 
line 20 Indicates a guide of the vehicle width at the position corresponding to the steering angle 6 on the basis of this 
predicted locus. 

[0024] As shown by the dotted lines in Fig. 3C, the vehicle locus guide line 20 corresponds to the predicted locus of 
the vehicle 1 when reversed while keeping the steering angle 6T of the front wheels at the angle of that time, and both 
ends of line segments 21 , 22 and 23 indicate the position of the rear bumper In the case where the vehicle 1 reverses 
by one meter, 1 .5 meters and 2.5 meters, respectively. 

[0025] A method for depicting the steering start guide line 100 and the steering mark 120 on the image field 19 of 
50 the monitor 4 will now be described. 

[0026] The steering start guide line 100 and the steering amount mark 120 are used for determining the steering 
start position of the vehicle 1 and the steering amount of the steering wheel at the steering start position corresponding 
to the positional relationship between the pari<ing space 33 and the vehicle 1 as shown in Fig. 4 so that the vehicle 1 
to be parked in parallel rotates at a constant vehicle rotational radius and the center of the rear axle of the vehicle 1 
reaches the midpoint of the width WP (for example. 2.5 meters) of the parking space 33 at the position where the 
vehicle 1 enters into the inside of the parking space 33 by a predetemiined distance DP (for example, 1 .5 meters) from 
a gate of the parking space 33. 

[0027] First of all. a suitable coordinate system is laid on the surface of the ground, and the line segments OP and 
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QO which are bases for the steering start guide line 100 on the surface of the ground are assumed on this coordinate 
system.; 

[0028] In Fig. 4, characters L, P, O, N and M indicate positions of the vehicles, and a point TP at the gate end portion 
of the parking space 33 Indicates the target point where the steering start guide line 1 00 is overlapped in the image field. 

5 [0029] In the coordinate system on the ground surface, let the position where the vehicle enters into the inside of 
the parking space 33 by the predetermined length DP from the gate of the parking space 33, which is the midpoint of 
the width WP of the parking space 33, be assumed as the reference point OP. Let the reference point OP be assumed 
as the original point. The Y-axis positive direction (Y+) is in the longitudinal and reanAfard direction of the parking space 
33 through the center of the width WP on the ground surface from this original point, and the rightward direction in Fig. 

10 4 and perpendicular direction to the Y-axis is in the X-axis positive direction (X+). 

[0030] The vehicle position P is such a vehicle position upon the steering start that the rear axle center of the vehicle 
1 reaches the reference point OP when the steering wheel 7 is steered at the maximum steering amount of the steering 
wheel and the vehicle 1 rotates at an angle 90 degrees. The X abscissa Xpp and the Y ordinate Ypp of the point PP 
which is the center of the rear axle of the vehicle 1 in this vehicle position P is given by the following equation: 



IS 



35 



50 



where Rp is the rotational radius of the rear axle center in the case where the steering wheel Is steered at the maximum 
steering amount of the steering wheel, 

[0031] The line segment QP is a straight line depicted from the target point TP in parallel with the straight line QS 
25 passing through the reference point OP and the point PP and is represented as a steering start guide line 100 on the 
image field 19 of the monitor 4 In the case where the vehicle 1 is in the vehicle position P. 

[0032] One end point QP1 of the line segment QP Is Identified with the target point TP. On the other hand, another 
end point QP2 thereof is a point that determines the position of the steering start guide line 1 00 located at the top end 
of the image field 19 of the monitor 4. The maximum depicting distance Ymax that is the distance from the rear axle 
30 to the position indicated on the upper end of the image field 19 of the monitor 4 is calculated. Then, the end point QP2 
is determined on the basis of the maximum depicting distance Ymax. The maximum depicting distance Ymax Is given 
by the following equation as shown in Fig. 5: 



Ymax=h/tan((o-Y/2)+DYc 



where h Is the height of the camera mounted level, oo is the angle of depression of the camera, y is the vertical view 
field angle of the camera, and DYc is the camera mounted position measured from the rear axle. 
[0033] As shown in Fig. 4, the end point QP2 Is obtained as an intersection between the straight line Y=Ymax and 
40 the straight line depicted from the target point TP in parallel with the straight line QS passing through the point PP and 
the reference point OP. 

[0034] The line segment QO is represented as the steering start guide line 1 00 on the Image field 1 9 of the monitor 
4 in the case where the vehicle is in the vehicle position O. 

[0035] Namely, the line segment QO is identified with the line segment QP obtained by rotating this coordinate system 
45 together with the vehicle when the vehicle rotatlonals through 90 degrees from the vehicle position P to come the 
vehicle position O and the center of the rear axle reaches the reference point OP. 

[0036] The line segment QO corresponds to the line segment QP obtained when each axis of the coordinate is 
subjected to the 90 degree coordinate conversion (X-i— >Y+, Y+->X-). The X abscissa Xqqi and Y ordinate Yqq^ of 
one end point Q01 of the line* segment QO are given by the following equations: 



=-Rp+DP 



55 



BNSDOCIO: <EP 11 23844 A1J_> 



5 



EP1 123 844 A1 



= Rp+WP/2 

[0037] The X abscissa Xqo2 and Y ordinate Yqo2 of the other end point Q02 of the line segment QO are given by 
the following equations: 



Xoo2=-Ynnax+DP+WP/2 



Yqo2= Ymax 

15 [0038] Also, the line segnnent QO' is a line segment that is symmetric to the line segment QO with respect to the Y- 
axls and is the line segment that becomes a base for the steering start guide fine 110 when the vehicle Is to be parked 
in parallel in the left and rear directions of the vehicle. 

[0039] A method for calculating the point SP' on the ground surface that is a reference for indicating the steering 
amount guide mark 120 will now be described. 
20 [0040] As shown In Fig. 4, the vehicle kept under the condition of the vehicle position M is assumed. Here, the vehicle 
position M is the vehicle position where the rear axle center is identified with the reference point OP by rotatlonaling 
the vehicle through 90 degrees with the rotational radius RM. 

[0041] The rotational radius RM of the rear axle center and the steering angle OT of the front wheels 6 are related 
to each other by the following equation: 

25 

RM=B/lan(eT) 

where B is a wheel base and OT is the steering angle of the front wheels 6 that is the positive value irrespective of the 
30 right and left directions. Also, in case of eT=0, i.e., when the steering wheel is not steered, the steering amount guide 
mark 120 is not displayed. 

[0042] The X abscissa X^p and Y ordinate Y^p of the rear axle center MP of the vehicle in the vehicle position M 
are given by the following equations: 

X^p=.RM 



40 

[0043] Then , the X abscissa Xgp and Y ordinate Ygp of the point SP are detemriined as follows. Namely the coordinate 
of the point SP is a coordinate corresponding to the target point TP when each axis is subjected to the 90 degree 
coordinate conversion (X+->Y+, Y+->X-) assuming the point MP as the original point. 

45 

=-RM+DP 

so =B/tan(eT)+DP 



YsP=-X«p+WP/2 

55 =RM+WP/2 

=B/tan(9T)+WP/2 
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[0044] The following processing is executed for the right and left steering wheel operations. 
[0045] When the steering wheel turns clockwise, -X^p is substituted for Xsp. Therefore, the plus/minus sign is re- 
versed. When the steering wheel turns counterclockwise, Xsp is substituted for Xsp, the plus/minus sign is kept un- 
changed. 

5 [0046] The point S P* that becomes the reference for the steering amount guide mark 1 20 will be calculated as follows. 
[0047] When the steering wheel 7 of the vehicle 1 is operated gradually in the vehicle position M, the point SP is 
"^obtained by substituting RM* for the RM in the equations described above where RM' is the rotational radius corre- 
sponding to the steering amount of the steering wheel at each time. The values of X^p and Ysp at this time are defined 
as the X abscissa and Y ordinate of the point SP', respectively. The point SP' is on the line segment QM which has the 

10 end points QM1 and QM2 and is identical with the line segment QP moved in parallel by the difference between the 
point PP and the point MP and the point SP* moves on the line segment QM corresponding to the value of RM*. It is 
possible for the driver to recognize the suitable steering amount of the steering wheel by adjusting the steering amount 
of the steering wheel so as to identify the steering amount guide mark 120 with the target point while looking at the 
position of the steering amount guide mark 120 depicted at the position corresponding to the point SP' on the image 

15 field 19 of the monitor 4 to be described later. 

[0048] Subsequently, the line segments QO, QO' and SP' are depicted on the monitor 4 in the superimposed manner 
on the image picked up by the camera installed on the vehicle, which are the reference for the steering amount guide 
mari< 120, the steering start guide lines 100 and 110. 

[0049] The images picked up by camera 2 are displayed on the image field 19 of the monitor 4 so that the view of 

20 rear front side is displayed on the upward part of the monitor, the view of rear right side is displayed on the rightward 
part of the monitor and the view of rear left side Is displayed on the leftward part of the monitor. 
[0050] The background image is calculated by performing the conversion in view of the distortion component in 
projecting the points of the respective guide displays on the ground surface onto the points on the monitor 4 since the 
image includes the distortion due to the camera lens. 

25 [0051] The operation of the steering assist apparatus will now be described by exemplifying the case where the 
vehicle 1 is to be parked in parallel In the pari<lng space on the right rear side, according to Figs. 3A to 3F. 
[0052] Fig. 3A corresponds to the vehicle position L of Fig. 4, Figs. SB and 3C correspond to the vehicle position P, 
Figs. 3D and 3E correspond to the vehicle position 0 and Fig. 3F corresponds to the vehicle position N. 
[0053] First of all, the driver passes on the side of the parking space 33 on the rear side of the vehicle where the 

30 driver would like to park the vehicle and stops the vehicle at a position where the rear portion of the vehicle passes by 
2 to 3 meters from the parking space 33 at closely right angle with the parking space 33. Subsequently, at first, the 
driver confimns the positional relationship between his own vehicle and the parking space and the safety on the rear 
side of the vehicle in the visual observation and operates the shift lever 5 to the reverse position. At this time, on the 
basis of the detection signal from the rear position switch 10 by the switching operation of the shift lever 6, the Image 

35 processing unit 8, as shown in Fig. 3A, displays the steering start guide lines 1 00 and 1 1 0, the vehicle width guide line 
1 40 and the vehicle locus guide line 20 in the superimposed manner on the image of the rear side of the vehicle through 
the camera 2. 

[0054] Then , the driver reverses the vehicle 1 straightly and stops it at the position where the target point TP at the 
end of the side parking frame line 35 on the remote side away from the vehicle of the parking space 33 is overiapped 

40 with the steering start guide line 100 as shown in Fig. 3B. Under the condition that the vehicle stops at that position, 
when the driver turns the steering wheel 7, the steering amount guide mark 120 is displayed on the steering start guide 
line 1 00. As the steering wheel 7 is being turned, the steering amount guide mark 120 moves downwardly on and along 
the steering start guide line 1 00. Then, as shown in Fig. 3c, the steering wheel 7 Is steered up to the position where 
the steering amount guide mark 120 overiaps with the target point TP. When the steering amount guide mark 120 

45 overiaps with the target point TP, the vehicle reverses while maintaining the steering wheel 7 at that steering angle. 
[0055] Thus, the vehicle 1 reverses while rotatlonaling with the constant vehicle rotational radius in the range of 
about 90 degrees. The driver may enter the vehicle 1 suitably into the parking space 33 without finely adjusting the 
steering amount of the steering wheel. 

[0056] Here, the driver enters the vehicle 1 into the parking space 33 and stops the vehicle 1 at the position where 
50 the vehicle width guide line 1 40 is kept in parallel with the side parking frame line 35, as shown in Fig. 3D. Subsequently, 
as shown in Fig. 3E, the driver return the steering wheel 7 back to the unsteered condition and start slowly the straight 
reverse drive. As shown in Fig. 3F, when the line segment 141 of the bumper line of the vehicle width guide line 140 
has a suitable interval to the rear parking frame line 36, the vehicle 1 is stopped. Thus, the parallel parking has been 
finished. 

55 [0057] Incidentally, the sector shape having a 90 degree central angle indicated in the dotted line in Figs. 3A to 3F 
is obtained by depicting a sector shape from the point PP as the starting point to the reference point OP as the terminal 

point with the radius RP of Fig. 4. 

[0058] Also in the case where the position of the vehicle 1 is further from the parking space 33 than the vehicle 



7 



BNSDOCID: <EP 1123844A1J_> 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EP1 123 844 A1 

position L of Rg. 4 when the parallel parking Is started, the driver reverses the vehicle 1 straight in the same manner, 
and as shown in Fig. 6A, stops the vehicle at the position where the target point TP overlaps with the steering start 
guide line 1 00. Under the condition that the vehicle 1 stops at that position, the driver steers the steering wheel 7 up 
to the position where the steering amount guide mark 1 20 overlaps with the target point TP. When the steering amount 
guide mark 120 overlaps with the target point TP. the driver reverses the vehicle while maintaining the steering wheel 
7 at that steering angle. 

[0059] -Also, in the case where the position of the vehicle 1 is closerto the parking space 33 than the vehicle position 
L of Fig. 4 when the vehicle starts to be parked in parallel, the driver reverses the vehicle straight in the same manner, 
and stops it at the position where the end of the steering start guide line 100 overiaps with the side frame line 35 of 
the parking space 33 in the neighborhood of the target point TP as shown in Fig. 6B. Under the condition that the 
vehicle stops at that position, when the driver steers the steering wheel 7 fully in the clockwise, the steering amount 
guide mark 120 is lowered up to the end of the steering start guide line 100. Under this condition, the vehicle reverses 
under the condition that the steering wheel 7 is kept at that steering angle. When the vehicle reverses while keeping 
the steering wheel 7 in that condition, the vehicle becomes parallel with the side frame line under the condition that 
the vehicle enters more backwardly than the vehicle position O. The vehicle is stopped at that position and the steering 
wheel is turned back. Thereafter, the vehicle reverses straight so that the vehicle may be parked suitably for the parking 
space 33. In this case, a part of the vehicle 1 enters into the adjacent part<ing space sometimes but since the line 
segment 1 41 of the bumper line of the vehicle 1 is shown, it is possible to predict whether the rear bumper of the vehicle 
is brought into contact with the neighbor vehicles, walls or pillars, 

[0060] Also, in the case where the position of the vehicle 1 to be parked in parallel has an some angle to the position 
where the vehicle is perpendicular to the parking space 33, the driver reverses the vehicle straight, and as shown in 
Fig. 6C, stops the vehicle at the position where the steering start guide line 100 intersects the side frame line 36 of the 
parking space 33 in the neighborhood of the target point TR Under the condition that the vehicle stops in that position, 
the driver steers the steering wheel 7 until the steering amount guide mark 1 20 overiaps with the intersection betweeri 
the steering start guide line 1 00 and the side frame line 35, Under this condition, the vehicle reverses under the condition 
that the steering wheel 7 is kept at that steering angle so that the vehicle may be parked suitably f orthe parking space 33. 
[0061] Thus, since the steering start guide line 100 and the steering amount guide mark 120 show where and how 
much amount the steering wheel should be steered In order to park the vehicle suitably In the parking space without 
any fine adjustment of the steering amount of the steering wheel while the vehicle reverses for parallel parking, it is 
unnecessary to finely adjust the steering amount of the steering wheel during the reverse of the vehicle. Also, since 
the vehicle width guide line 140 guides the position where the steering wheel 7 is to be turned back and shows the 
positional relation between the vehicle 1 and the rear paricing frame line 36. It is possible to park the vehicle In the 
suitable position of the parking space 33. 

[0062] Also, In the case where the vehicle 1 is to be parked in parallel to the rear left pari<ing space 33, the left 
steering start guide line 11 0 of the image field 1 9 of the monitor 4 is used and if the driver steers the steering wheel 7, 
the steering amount guide mark 120 appears on the steering start guide line 110, and it is possible to perform the 
parallel parking in the substantially same steps as those of the right rear parallel parking described above. 
[0063] The representation method of each guide display may be modified so as to be easier for the driver. For in- 
stance, It Is possible to change the color of each guide display. Also, It is not necessary to limit the shape of the steering 
amount guide mark 120 to a circle but it is possible to represent it with a triangle, a rectangle, a star-shape or the like. 
Furthermore, it is possible to let the steering amount guide mark 120 blink. It is possible to turn off one of the steering 
start guide lines 100 and 110 which is unnecessary in accordance with the steering direction of the steering wheel. 
[0064] Also, with respect to the target point TP. it is possible to set the target point TP for various positions. It is 
possible to set the target point TP at the end of the closer side frame line 35 of the parking space 33 to the vehicle. 
Furthermore, if both the close side and remote side of the side frame lines 35 are used as the target points, it is possible 
to confirm whether the positional relationship between the parking space 33 and the position of the veiiicle 1 before 
the parallel parking is at a right angle. Also, thus, it is possible to use the center of the parking space 33 as the target. 
Therefore, even if the width WP of the parking space 33 is different from that the set value, it Is possible to park the 
vehicle to the center of the pari<lng space 33. 

Second Embodiment: 

[0065] A steering assist apparatus in accordance with a second embodiment is used to support the steering operation 
when the vehicle is to be parked in line and has the same structure as that of the steering assist apparatus in accordance 
with the first embodiment shown in Fig. 2. However, the display data for the in-line parking and the controlling program 
for the in-line parking are stored in the ROM 14. 

[0066] The display data of the fixed guide display shown In a fixed manner which Is In a predetermined position 
irrespective of the steering operation of the steering wheel 7 on the image field 19 of the monitor 4 is stored In the 
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ROM 1 4. The fixed guide display has a pair of vehicle width guide lines 40 and 4 1 for representing the predicted position 
of both side portions of the vehicle 1 when the vehicle 1 reverses straight as indicated by the solid lines in Fig. 7A, and 
has circular eye marks 42 and 43 disposed, respectively, at the rear end portions of the vehicle width guide lines 40 
' and 41 on the image field 19 representing the upper end portions of the these vehicle width guide lines 40 and 41 , i. 

5 e., the image of the rear view. Also, the fixed guide display has a pair of steering start guide lines 44 and 45 disposed 
symmetrically on the right and left sides of the upper portion in the image field 19. The steering start guide lines 44 
and "45 show th'e tihriing when the steering operation is started for the in-line parking of the vehicle 1 that reverses 
straightly in parallel with the road and are depicted as line segments having a predetermined length. 
[0067] The CPU 1 3 operates on the basis of the controlling program stored in the ROM 1 4. When the CPU 1 3 detects 

10 through the rear position switch 10 that the shift lever 5 is switched to the reverse position, the CPU 13 calculates the 
predicted locus of the vehicle 1 reversing at the steering angle a at that time from the output signal of the steering 
angle calculation section 12 and produces periodically the display data for displaying the movement guide display for 
showing the indication of the vehicle width at the position con'esponding to the steering angle a based on this predicted 
locus in the superimposed manner on the Image of the camera 2. 

15 [0068] The movement guide display 46 corresponds to the predicted locus of the vehicle reversing at the steering 
angle a at that time as shown by the dotted line in Fig. 7A and has a line segment 47 having a length of the vehicle 
width at the position of substantially the wheel base length from the rear end of the vehicle in the image field 1 9 of the 
monitor 4, a pair of side lines 48 extended toward the rear end of the vehicle from both ends of the line segment 47 
keeping the interval of the vehicle width, and a pair of line segments 49 and 50 extended in the vehicle width direction 

20 showing the middle portion of the vehicle. The movement guide display 46 moves so as to be curved to the right and 
left directions as Indicated by, for example, the dotted line in Fig. 7C in response to the steering operation of the steering 
wheel 7. 

[0069] Furthermore, the CPU 13 produces periodically the display data of the circular steering amount guide mark 
51 that moves along the steering start guide lines 44 and 45 in the image field 19 of the monitor 4 in response to the 

25 steering angle a at that time and is displayed in the superimposed manner on the image of the camera 2, based on 
the output signal of the steenng angle calculation section 12. When the steering wheel 7 turns counterclockwise, for 
example, as shown in Fig. 7C, the steering guide mark 51 is moved and displayed on the steering start guide line 44 
on the left side of the image field. On the other hand, when the steering wheel 7 turns clockwise, as shown in Fig. 7E, 
the steering amount guide mark 51 is moved and displayed on the steering start guide line 45 on the right side of the 

50 image field. 

[0070] A method of depicting the steering start guide lines 44 and 45 will be described. As shown In Fig. 8, let the 
center of the rear axle of the vehicle 1 under the condition that the vehicle 1 is suitably parked in the parking space D 
be as an original point. The Y-axis is in the reverse direction of the vehicle 1 and in parallel with the road. The X-axis 
is perpendicular to the Y-axis. A rear corner of the parking place D is set to be as a target point S1 whose coordinate 

35 is SI (W/2, a). Here, W is the vehicle width and a is the rear overhang. It is now assumed that the vehicle 1 located in 
the vehicle position H reverses while rotationaling with a radius Rc with the maximum steering angle in one direction, 
the steering wheel 7 Is turned In the opposite direction so that the steering angle is at the maximum steering angle 
when the vehicle 1 Is in the vehicle position G, and the vehicle 1 reverses with the radius Rc under this condition so 
that the vehicle 1 is parked suitably in the parking space D. 

40 [0071] An angle y of the vehicle position G viewed from the rotational center C when the vehicle 1 reverses into the 
parking space D with the rotational radius Rc of the rear axle center with the maximum steering angle from the vehicle 
position G is given as: 

45 y=cos''" [{Rc-W/2)/{(Rc+W/2)^ + a^) - tan"'' {a/(Hc+\N/2)} 

[0072] By using the angle y described above, the coordinate (GOx.GOy) of the rear axle center GO in the vehicle 
position G is given as follows: 

50 

GOx=-Rc{1-cosy) 
GOy=-Rc X siny 

55 

[0073] Furthermore, using the coordinate of this rear axle center GO, the coordinate (H1 x,H1y) of the point H which 
is the rear corner of the parking space D corresponding to the target point S1 in the case where the parking place D 
is assumed to be moved in parallel to the vehicle position H is given as follows: 
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H1x=-2Rc{1 -cosy) + W/2 



5 H1y=-2Rc X siny + a 

[0074] Accordingly, the straight line LI connecting the target point S1 and the point H1 is represented as follows: 

10 Y={sinY/(1-cosy)} x X-{slny/(1-cosy)} x (W/2)+a 

The target point S1 in the image field 19 of the nnonitor 4 con-esponding to the vehicle position H is used as a start 
point, and the line segment extended backward from this start point along the straight line L1 becomes the steering 
start guide line. This steering start guide line is depicted symmetrically on the right and left sides of the Y-axis. These 

15 are used as the steering start guide lines 44 and 45. 

[0075] If, in accordance with the movement of the vehicle 1 , the target point S1 of the parking space D Imaged on 
the image field 19 of the monitor 4 overlaps with the steering start guide line 44 or 45. it Is possible to judge that the 
position is the space where the vehicle may be parked In line by the steering assist apparatus according to this invention. 
[0076] A method for depicting the steering amount guide mark 51 will now be described. Considerthe vehicle position 

20 E In parallel with the Y-axis from which the vehicle 1 may reach the vehicle position G by rotating backward with the 
radius R. The coordinate (E1x,E1y) of the point E that Is the rear comer of the parking space D corresponding to the 
target point SI in the case where the parking space D is assumed to be moved In parallel to the vehicle position E is 
given as follows: 

25 

E1 x=-(R+RC) X (1 -cosy) + W/2 
E1y=:-(R+Rc) X siny + a 

30 

By using the Y ordinate Ely, the rotational radius R is given by: 



R=(a-E1y)/siny- Rc 

35 

[0077] Then, the circular steering amount guide mark 51 that is moved along the steering start guide lines 44 and 
45 in correspondence with the steering angle a of the steering wheel 7 Is represented while being superimposed on 
the Image of the camera 2. The position of the steering amount guide mark 51 is set so that the rotational radius R of 
the formula described above may be just obtained when the steering wheel 7 is steered so that the steering amount 

40 guide mark 51 overlaps with the target point SI of the pari<ing space D imaged on the image field 1 9 of the monitor 4. 
[0078] The operation of the steering assist apparatus in the parking in line will now be described. First of all, as 
shown in Fig. 8, when the driver operates the shift lever 5 to the reverse position in the vehicle position F in parallel 
with the road, on the basis of the detection signal from the rear position switch 10, as shown in Fig. 7A, the image 
processing section 8 displays on the image field 1 9 of the monitor 4 the vehicle width guide lines 40 and 41 , the eye 

45 marks 42 and 43, the steering start guide lines 44 and 45, the movement guide display 46 and the steering amount 
guide mark 51 in the superimposed manner on the image of the camera 2. 

[0079] At this time, on the image field 1 9, the target point SI of the pari<lng space D does not overiap with the steering 
start guide line 44 specialized for the rear left parking. 

[0080] When the vehicle 1 reverses straight and in parallel with the road, the target point SI is gradually close to the 
so steering start guide line 44 on the image field 19. As shown in Fig. 7B, at the time when the target point SI overlaps 
with the steering start guide line 44, it is judged that the position is the vehicle position E where the parking in line is 
possible. Then, the vehicle 1 is stopped. 

[0081] At this time, when the steering wheel 7 is turned counterclockwise, the steering amount guide mark 51 moves 
gradually downward from the upper portion of the image field 19 along the steering start guide line 44. Then, as shown 
55 in Fig. 7C, at the time when the steering amount guide mark 51 overiaps with the target point SI, the vehicle 1 is 
reversed while keeping the steering angle of the steering wheel 7. Thus, the vehicle 1 rotationals with the radius R and 
the target point SI comes closer to the eye mark 43 for the left rear parking on the image field 19. As shown in Fig. 
7D. when the target point SI overlaps with the eye mark 43, it is judged that the vehicle reaches the vehicle position 
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G and the vehicle 1 is stopped. 

[0082] ' Subsequently, the steering angle of the steering wheel 7 is made to be nnaximized in the opposite direction 
to reverse the vehicle 1 . Thus, the vehicle 1 enters the parking space D and as shown in Fig. 7E, at the time when the 
vehicle width guide line 40 is in parallel with the road side line 52, the vehicle 1 is stopped and the parking in line is 
5 completed. 

[0083] Incidentally, in the case where the vehicle is parked in the right rear direction in the in-line manner, in the 
substantially same way, by using the steering start guide line 45, the eye mark 42 and the steering amount guide mark 
on the image field 19 for the right rear parking , at the time when the vehicle guide 41 is in parallel with the road side 
line, the vehicle 1 may be stopped. 

10 [0084] Also, in correspondence with the steering operation of the steering wheel, when the vehicle 1 is to be parked 
In the left rear side, make the color or tone of the eye mark 43 for the left rear parking same as that of the steering 
amount guide mark 51 , and when the vehicle 1 is to be parked in the right rear side, make the color or tone of the eye 
mark 42 for the right rear parking same as that of the steering amount guide mark 51 . Then it is possible to recognize 
the eye mark to be used more easily manner and to make the driving easier. For example, set the color of the steering 

15 amount guide mark 51 to be A and set the color of the eye marks 42 and 43 when the vehicle moves straight to be B, 
and if the steering wheel 7 is turned more than the predetermined angle to the left for the left rear parking, only the 
color of the eye mark 43 for the left rear parking becomes A, and if the steering wheel 7 is turned more than the 
predetermined angle to the right for the right rear parking, only the color of the eye mark 42 becomes A. Such a system 
may be adopted. 

20 [0085] It is also possible to use a system in which, when the vehicle moves straight, the eye marks 42 and 43 are 
not displayed, and when the steering wheel 7 is turned more than the predetermined angle In either right or left direction, 
the eye marks 42 and 43 are displayed. Furthermore, it is possible to use a system in which only one of the eye marks 
that is used for parking in correspondence with the steering direction of the steering wheel 7 is displayed. 
[0086] Incidentally, it is understood that the eye marks 42 and 43 and the steering amount guide mark 51 are not 

25 limited to the circular shape but it is possible to use any other shape. 

[0087] Also, in the embodiment described above, the rear comer of the parking space D is used as the target point 
S1 . However, the invention is not limited to this. It is possible to use any other point only if the point is fixed to the 
parking space D. 

30 Third Embodiment: 

[0088] A steering assist apparatus according to a third embodiment of the present invention assists the steering 
operation by using sound. Fig. 9 shows its structure. The image processing section 8 Is connected to the camera 2, 
and the monitor 4 is connected through the monitor controller 9 to this image processing section 8. The steering angle 
35 sensor 11 for detecting the steering angle of the steering wheel 7 is mounted on the steering shaft of the steering wheel 
7. This steering angle sensor 11 is connected to a controller 81 . Connected to the controller 61 are a yaw rate sensor 
( gyro ] 62 for detecting an angular velocity in a yaw angle direction of the vehicle, an operation switch 63 for setting 
up a zero degree position of the yaw angle of the vehicle, and a speaker 64 for guiding the steering infonnation to the 
driver by sound. 

40 [0089] The controller 61 calculates the steering angle of the front wheels from the steering angle of the steering 
wheel 7 detected by the steering angle sensor 1 1 and outputs It to the image processing section 8. The image processing 
section 8 is provided with the CPU 13, the ROM 14 storing the controlling program, the image processing processor 
15 for processing the image data from the camera 2, the image memory 16 storing the image data processed by the 
image processing processor 15 and the RAM 17 for working. 

45 [0090] In the same manner as that of the second embodiment, the controlling program and the display data for the 
in-line parking are stored in the ROM 14. 

[0091 ] The operation of the steering assist apparatus in accordance with the third embodiment will now be described. 
Incidentally, one example of the content of the sound steering information in each step of the parking operation Is 
shown as follows: 

50 

Step 1 

START IN-LINE PARKING— When the assist system is in the in-line parking sound guide mode, 
"This is the in-line parking mode." 
55 SUBSEQUENT REVERSE TARGET GUIDE 

"Please reverse the vehicle until the blue line is Identified with the target point.'* 

Step 2 
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STEERING TARGET GUIDE— Steering Angle > 36** 

"Please turn the steering wheel until the red nnark is Identified with the target point." 
Step 3 

5 

REVERSE TARGET GUIDE— Steering Angle > 90* 

"Please reverse the vehicle until the yellow nnark is identified with the target point." 
Step 4 

10 

APPROACH TO TARGET POINT OF EYE MARK— yaw angle > 32« 
"Pong, Pong (approach announcement sound)" 

Step 5 

15 

APPROACH TO TARGET POINT OF EYE MARK— yaw angle > 34' 
"Pong, Pong (further approach announcement sound)" 

Step 6 

20 

IDENTIFICATION WITH EYE MARK— yaw angle > 36* 

[The calculating target value is 39**.] 
"Pong (identification sound)" 

25 step 7 

SUBSEQUENT FULL STEERING GUIDE 
"Please fully turn the steering wheel in the opposite direction." 
REVERSE GUIDE— steering angle > 540* [full steering condition] 
30 "Please reverse while paying your attention to the rear side." 

Step 8 

FRONT WARNING— yaw angle < 20' 
35 "Please pay your attention to the interval from the front vehicle." 

Step 9 

APPROACH TO PARKING COMPLETION POSITION (STOP POSITION GUIDE)— yaw angle < 10** 
^ "Please stop the vehicle while paying attention to the rear side." 

[0092] First of all, when the driver operates the shift lever 5 to the reverse position, as shown In Fig. 7A. the image 
processing section 8 displays the vehicle width guide lines 40 and 41, the eye marks 42 and 43, the steering start 
guide lines 44 and 45, the movement guide display 46 and the steering amount guide mark 51 on the image field 19 

45 of the monitor 4 superimposing on the image of the camera 2. Then, as shown in Fig. 8, the operation switch 63 is 
operated in the vehicle position F where the vehicle is in parallel with the road. By the operation of the operation switch 
63, the controller 61 sets up the vehicle position F as the zero degree position of the vehicle yaw angle and at the 
same time provides the driver with the sound steering infonnatlon for guiding that the assist system Is In the in-line 
parking mode as the step 1 through the speaker 64. Subsequently, the controller 61 provides the steering information 

so for the reverse target guide that the vehicle should be reversed until the blue line (steering start guide lines 44 and 45) 
are identified with the target point S1 . 

[0093] When the driver reverses the vehicle 1 straight in parallel with the road in accordance with the steering infor- 
mation described above, the target point SI comes gradually close to the steering start guide line 44 on the image 
field 19. As shown in Fig. 7B, at the time when the target point S1 overlaps with the steering start guide line 44, the 
55 driver judges that the position is the vehicle position E where the vehicle 1 may be parked in the in-line manner and 
stops the vehicle 1 . 

[0094] Here, when the driver turns the steering wheel 7 counterclockwise, the steering angle is detected by the 
steering angle sensor 11. When the steering angle has exceeds the thirty-six degrees, the controller 61 provides as 
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the step 2 the sound steering infonmatlon for the steering target guide that the steering wheel 7 is to be turned until the 
red mark (steering amount guide mark 51) is identified with the target point S1. When the driver turns the steering 
wheel 7 in accordance with the steering information described above, the steering amount guide mark 51 gradually 
moves downward from the upper portion of the image field 19 along the steering start guide line 44. The driver holds 
5 the steering angle of the steering wheel 7 which the steering amount guide mark 51 overiaps with the target point S1 
in accordance with the steering information described above as shown in Fig. 70. Next, the controller 61 provides as 
the step 3 thesolind steering information for the reverse target guide that the vehicle is to be reversed until the yellow 
mari<s (eye marks 42 and 43) are Identified with the target point SI . 

[0095] The driver reverses the vehicle 1 while keeping the steering angle of the steering wheel 7 in accordance with 

10 the steering information described above. Thus, the vehicle 1 circles with the radius R. The target point S1 becomes 
closer to the eye mark 43 for the left rear parking on the image field 1 9. When the vehicle 1 thus starts to rotational, 
the angular velocity In the yaw angle direction of the vehicle 1 is detected by the yaw rate sensor 62. That angular 
velocity is integrated with respect to the time so that the yaw angle, i.e., the rotational angle of the vehicle 1 from the 
vehicle position F as zero degree where the operation switch 63 has been operated. When the rotational angle of the 

t5 vehicle 1 exceeds the thirty-two degrees, the controller 61 provides as the step 4 the approach sign sound as the 
steering information that the vehicle comes close to the full steering position G where the eye mark 43 overlaps with 
the target SI on the image field 1 9. Furthemriore, at the time when the rotational angle of the vehicle 1 exceeds thirty- 
four degrees, the controller 61 provides as the step 5 the approach sign sound as the steering information for announc- 
ing the fact that the vehicle comes closer to the full steering position G. 

20 [0096] Here, in the third embodiment, the rotational angle of the vehicle 1 that reaches the full steering position G is 
set up at thirty-nine degrees. Accordingly, when the rotational angle of the vehicle exceeds thirty-six degrees before 
the vehicle 1 reaches the full steering position G, the controller 61 provides as the step 6 the Identification sign sound 
as the steering information that the eye mark 43 is Identified with the target point SI on the image field 19. Then, as 
shown in Fig. 7D, when the target point SI overiaps with the eye mark 43, the driver judges that the vehicle 1 reaches 

25 the vehicle position G and the vehicle 1 is stopped. 

[0097] Subsequently, the controller 61 provides as the step 7 the sound steering infomnation for the full steering guide 
that the steering wheel 7 should be turned fully in the opposite direction (clockwise direction). The driver reverses the 
vehicle 1 while turning the steering wheel 7 in the opposite direction and keeping the maximum steering angle in 
accordance with the steering information. At this time, if the controller 61 confirms that the steering wheel 7 is fully 

30 turned, i.e., the steering angle reaches the 540 degrees in accordance with the steering angle sensor 11 , the controller 
61 also provides the sound steering infonnatlon for the reverse guide that the vehicle should be reversed under the 
condition that the steering wheel 7 is fully turned. 

[0098] The driver reverses the vehicle 1 so that it enters the parking space D in accordance with such steering 
infomnation. In the meanwhile, the angular velocity in the yaw angle direction of the vehicle 1 is being detected by the 

35 yaw rate sensor 62. When the rotational angle decreases down to twenty degrees, the controller 61 provides as the 
step 8 the sound steering information for front caution guide in view of a vehicle that has been parked on the front side 
or the like. Then, when the vehicle is further reversed and the rotational angle decreases down to ten degrees, the 
controller 61 provides as the step 9 the sound steering information for stop guide that the vehicle is close to the parking 
completion position, i.e., the parking space D. On the basis of the steering infomriation, as shown in Fig. 7E, the driver 

40 stops the vehicle 1 and completes the in-line parking at the time when the vehicle width guide line 40 is in parallel with 
the road side line 52. 

[0099] As described above, in the steering assist apparatus in accordance with the third embodiment, during the 
reverse operations from the step 3 to the step 6, and the reverse operations with the full steering operation from the 
step 7 to the step 9, the driver pays his or her attention to the sound steering information provided from the speaker 
45 64 so that he or she does not have to continuously look at the image field 19 and may reverse the vehicle 1 while 
actually see the outer circumferences on both sides and front side of the vehicle 1 . Also, since the driver may obtain 
the steering information through the sound, even beginner who is not familiar with the operation of the steering assist 
apparatus may park the vehicle without fail. 

[0100] Incidentally, the yaw rate sensor 62, i.e., the rate gyro for detecting the angular velocity in the yaw angle 
50 direction is used as the means for detecting the yaw angle. However, instead thereof, it is possible to use a position 
gyro for detecting the yaw angle per se. 

[0101] Also, it is possible to use the distance sensor for detecting the travel distance of the vehicle in reversing 
instead of the yaw rate sensor 62. In Fig. 8, the rotational angle R of the vehicle may be calculated as one inherent in 
the type of the vehicle if the steering angle is obtained by the steering angle sensor 11 . The reverse distance detected 
55 by the distance sensor is recognized as an arcuate length with the rotational radius R. The controller 61 may calculate 
the yaw angle, I.e., the rotational angle of the vehicle in accordance with the rotational angle R and the arcuate length. 
[0102] Furthermore, it is possible to apply the steering assist apparatus in accordance with the third embodiment to 
the steering assist for the parallel parking. Namely, it is possible to set up as the completion position of the parallel 
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parking the rotational position that has been changed by ninety degrees In yaw angle of the vehicle from the zero 
position of the vehicle yaw angle In which the operation switch 63 Is operated, in order to provide various steering 
Information to the driver. 

[0103] Also In the third embodiment described above, instead of the eye marks 42 and 43, it is possible to use the 

5 vehicle mark 65 shown in Fig. 1 1 . The vehicle mark 65 is a display showing schematically the plan view of the vehicle 
and a display whose Its position and size are not changed in the monitor Image field 1 9. Then, the shape of the vehicle 
mark 65 Is a shape which just overlaps with the- line representing the parking space D in the vehicle rear Images 
displayed on the monitor image field 19 when the vehicle reaches the full steering position G. The driver steers the 
steering wheel 7 until the steering amount guide mark 51 overlaps with the target point S1 as shown in Fig. 7C In 

10 accordance with the sound infonnation of the step 2 and reverse the vehicle while keeping the steering angle. The 
controller 61 obviates the display of the steering guide mark 51 and the steering start guide lines 44 and 45 as shown 
in Fig. 1 1 at the time when the rotational angle of the vehicle detected by the yaw rate sensor 62 exceeds thirty-two 
degrees. The vehicle mark 65 is displayed on the monitor image field 19. Also, the sound information for guiding that 
the vehicle is reversed so that the vehicle mark 65 overiaps with the line representing the parking space D is provided 

IS as the sound Infomiation that is similar to the sound infomriation of the step 3 described above. When the vehicle mark 
65 overlaps with the line representing the pari<ing space D on the monitor image field 1 9, the driver may recognize that 
the vehicle is in the full steering position. In addition, the vehicle mark 65 has a shape that simulates the vehicle and 
the display overlaps with the line representing the parking space D. Accordingly, it Is easy for the driver to recognize 
in intuitively manner the fact that the vehicle reaches the full steering position. Also, since the vehicle mark 65 is not 

20 always displayed but is displayed only when it is necessary on the basis of the rotational angle of the vehicle detected 
by the yaw rate sensor 62, although this is a large size display that simulates the vehicle, there Is no fear that the 
monitor image could hardly be seen. 

[0104] Also, In the third embodiment, the voice is used as the steering infomiatlon. However, the steering infomriation 
is not limited to this but any audio Information like the signal tone may be used, and It is possible to use the sensitive 
25 Infomriation such as vibration transmitted through the steering wheel or the like. Also, It is possible to make a part or 
all of the guide display on the monitor image field blink, to change the colors, to provide the visual Infomriation simul- 
taneously, for example, by changing the size, or to display the messages of the content of the operation to be perfomied 
next by the driver on the monitor Image field. 

30 Fourth Embodiment: 

[0105] In the foregoing first to third embodiments, an image behind the vehicle is picked up by means of a camera 
2 and the Image is superimposed on a monitor 4 together with a fixed display guide, a movement display guide and 
the like. However, In this fourth embodiment, the system relates to a steering assist apparatus without using any camera 
35 2 or monitor 4. 

[0106] Fig. 12 shows a structure of the steering assist apparatus in accordance with the fourth embodiment of the 
present invention. Connected to a controller 71 are a yaw rate sensor 72 for detecting an angular velocity in a yaw 
angle direction of the vehicle, a function selection switch 76 for infomning the controller 71 whether the vehicle Is to be 
parked in a parallel manner or in an In-line manner, and a start switch 73 for Infonning the controller 71 that the parking 
40 operation of the vehicle is to be started so that the controller 71 sets a zero position of a yaw angle. Furthermore, a 
buzzer 74 for giving steering information to the driver by sound and an LED 76 for giving the steering Infomriation to 
the driver visually are connected thereto. 

[0107] The controller 71 Is provided with a CPU, a ROM storing a control program and a wori<lng RAM which are 
not shown In the drawing. 

45 [0108] Data of a minimum swivel radius Rc in the case where the steering wheel 7 is fully turned at maximum and 
the vehicle swivels are stored in the ROM. The CPU operates in accordance with the control program stored in the 
ROM. The controller 71 calculates the yaw angle of the vehicle from the angular velocity of the vehicle inputted from 
the yaw rate sensor 72, calculates the swivel angle of the vehicle and outputs to the buzzer 74 and the LED 75 the 
infomiatlon relating the operating timing and the operating method in each step during the parking driving. 

so [0109] The assisting operation of the steering assist apparatus according to this fourth embodiment as to what kind 
of locus of the vehicle is drawn will now be described. 

[0110] First of all, with referring to Fig. 13, the parallel parking will now be described. 

[01 1 1] While letting as an original point OO be the center point of the entrance of a parking space D where the vehicle 
1 is to be parked, a Y-axis is taken in a back-up direction of the vehicle 1 in the parking space D perpendicular to the 
55 road and an X-axis is taken in parallel with the road, i.e., perpendicular to the Y-axis, Also, W1 is the width of the parking 
frame of the pari<ing space D. The steering assist apparatus assists the driver so that the vehicle 1 is pari<ed appro- 
priately in a vehicle parking position H3 where a rear axle center H2 comes to the center in the width direction of the 
. parking space D and the vehicle 1 is in parallel with a longitudinal direction of the parking space D. 
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[0112] First of all, assume that the vehicle 1 is parked as the initial stop position in a vehicle position E3 where the 
rear axle center E2 of the vehicle 1 perpendicular to the parking space D is kept at a distance LD from the inlet of the 
parking space D and a side portion D1 of the parking space D and a position of the driver DR of the vehicle 1 are 
identified with, each other. 

5 [01 13] Subsequently, the vehicle 1 in the vehicle position E3 is advanced up to the swivel angle 6 while swiveling at 
the radius Rc and keeping the steering angle of the steering wheel 7 at maximum in the left direction and comes in the 
vehicle position F3. At this p6lht7tlieVehicle iisTeversed thrbugh^wivel ahgle ^Iwhile the steering angle of the steering 
wheel 7 is kept at maximum In the right direction and the vehicle is swiveled at the swivel radius Rc. The steering wheel 
7 is returned back to the straight advance condition in the vehicle position G3 where the vehicle 1 is in parallel with 

10 the parking space D, and furthermore, the vehicle is reversed so as to be parked suitably in the vehicle position H3 
within the parking space D. 

[0114] Also, the rear axle centers in the vehicle positions E3, F3 and G3 are represented by E2, F2 and G2, respec- 
tively. 

[0115] Here, let that the distance in the X-axis direction between the driver's position DR in the vehicle position E3 
15 and the rear axle center E2 be LL, and the coordinate (C1x, Cly) of the swivel center CI when the vehicle 1 swivels 
from the vehicle position E3 to the vehicle position F3 is given as follows: 



20 



30 



35 
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C1x=LL-W1/2 



Cly=(LD+Rc) 



[01 16] The coordinate of the swivel center C2 (C2x, C2y) when the vehicle 1 swivels from the vehicle position F3 to 
25 the vehicle position G3 is also given as follows: 

C2x=-(Rc+Rc).sine+C1x=-2Rc.sine+LL-W1/2 



C2y=(Rc+Rc).cose+C1y=2Rc-cose-(LD4-Rc) 
Out of these, the X coordinate C2x is also given as follows: 

C2x=-Rc 

[01 17] From the two equations of the X coordinate G2x, sinG Is given as follows: 

sine=(Rc+LL-W1/2)/2Rc 



This value 6 may be calculated from the known Rc, LL and W1 . This value is stored as the set value 0 In the controller 71 . 
[01 1 8] Furthermore, the swivel angle <|> when the vehicle 1 swivels from the vehicle position F3 to the vehicle position 
45 G3 is given as follows: 

(t)=7t/2-e 

50 [01 19] The operation of the steering assist apparatus according to the embodiment 4 will now be described. 

[0120] First of all, the driver stops the vehicle 1 in the vehicle position E3 to operate the function selection switch 76 
in order to select the parallel parking. The program for the parallel parking is run by the controller 71 in accordance 
with the operation of the function selection switch 76. Furthermore, when the driver operates the start switch 73, the 
controller 71 sets the vehicle position E3 to be the zero position of the yaw angle of the vehicle. Subsequently, the 

55 driver steers the steering wheel 7 at maximum in the left direction and advance the vehicle 1 intactly. 

[01 21 ] The controller 71 calculates the yaw angle from the angular velocity of the vehicle 1 that is inputted from the 
yaw rate sensor 72 and compares the yaw angle with the set value 0. When the vehicle 1 is close from the vehicle 
position E3 to the vehicle position F3, the controller 71 infomis the driver based on the difference between the yaw 
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angle and the set value e of. as the steering information, the approach infonmatlon that the vehicle approaches the 
vehicle position F3 and the reach information that the vehicle reaches the vehicle position F3 through the buzzer 74 
and the LED 75. 

[01 22] For instance, the buzzer 74 generates intermittent sound like "pi, pi" as the approach information and the LED 
75 is flashes. The cycle of the intermittent sound and the flash is shortened in accordance with the reduction in the 
difference between the yaw angle and the set value 6. When the yaw angle and the set value 6 agrees with each other, 
the continuous sound like-"pee-- is generated from-the buzzer-74 as-the reach information, and at the same time the 
LED 75 lights. 

[0123] The driver stops the vehicle 1 in the vehicle position F3 In accordance with the reach information. Subse- 
quently, the driver manipulates the steering wheel 7 at maximum in the right direction to bring the steering wheel into 
a fully steered condition. The vehicle 1 is reversed intactly. The driver stops the vehicle 1 in the vehicle position G3 
where the vehicle Is kept in parallel with the parking space D. In the vehicle position G3, the driver return the steering 
wheel back to the straight advance position and thereafter reverses the vehicle 1 to complete the parking when the 
vehicle 1 is within the parking space D. 

[01 24] Upon the completion of parking, since the yaw angle of the vehicle 1 is set at about 90*» to the vehicle position 
E3, it is possible to infonn the driver of the parking completion information on the basis of the yaw angle of the vehicle 1 . 
[0125] Subsequently, the case where the In-line parking is to be perfonned will now be described with refemnq to 
Fig. 14. 

[0126] The vehicle 1 is to be parked in the parking space D so that a rear left end of the vehicle 1 is Identified with 
a comer S2 that is on the deep side of the parking space D. Let that the rear axle center M2 of the vehicle 1 In the 
vehicle position M3 in this condition be an original point, a Y-axis is taken in the reverse direction of the vehicle 1 in 
parallel with the road and an X-axis is taken perpendicular to the Y-axis. Also, the coordinate of the deep corner of the 
parking space D is represented by S2 (W2/2, a2). The rear overhang and vehicle width of the vehicle 1 are represented 
by a2 and W2, respectively. 

[0127] Consider that the vehicle 1 in the vehicle position J3 is advanced while swiveling at a radius Rc with the 
steering angle of the steering wheel 7 at maximum In the right direction to the vehicle position K3, that the vehicle is 
reversed while swiveling at the radius Rc with the steering angle at maximum in the left direction, and that in the vehicle 
position L3 the vehicle Is reversed while swiveling at the radius Rc with the steering angle at maximum in the right 
direction so that the vehicle is parked suitably in the vehicle position M3 within the parking space D. 
[01 28] First of all, the in-line parking is started with the vehicle position J3 as the initial stop position where the vehicle 
1 is stopped in front of the parking space D referring to the already parked vehicle 91 . 

[0129] The vehicle position J3 is the position where the Y ordinate of the driver's position DR of the vehicle 1 is 
Identified with the Y ordinate of the rear end 91a of the vehicle 91 that is parked and the vehicle is in parallel with the 
parking space D with the vehicle 1 and the vehicle 91 at a predetermined distance d. Accordingly the coordinate (J2x, 
J2y) of the rear axle center J2 of the vehicle position J3 is determined uniquely from the relationship among the coor- 
dinate of the rear end portion 91 a of the vehicle 91 , the relationship between the driver's position DR and the rear axle 
center J2 and the vehicle distanced. 

[0130] The vehicle 1 located in the vehicle position J3 is advanced up to the vehicle position K3 while swiveling at 
the radius Rc with the steering wheel 7 at maximum in the right direction. In this case, the swivel center is represented 
by C3 and the swivel angle is represent by p. Also, the vehicle 1 located in the vehicle position K3 is reversed to the 
vehicle position L3 while swiveling at the radius Rc with the steering angle at maximum In the left direction. In this case, 
the swivel center is represented by C4 and the swivel angle is represented by 6. Furthermore, the steering wheel 7 is 
switched In the opposite direction in the vehicle position L3, and the vehicle is reversed to the vehicle position M3 while 
swiveling at the radius Rc with the steering angle at maximum in the right direction. In this case the swivel center Is 
represented by C5 and the swivel angle is represent by a. 
[0131] Also, the rear axle center in the vehicle position K3 and L3 are represented by K2 and L2. respectively. 
[01 32] The swivel angles a, p and 6 are In the following relationship: 

so 5=a-p 

[0133] The coordinate (C5x, C5y) of the swivel center C5 is represented by: 

55 C5x=-Rc 

C6y=0 
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[01 34] The coordinate (C4x, C4y) of the swivel center C4 is represented by: 

C4x=C5x+(Rc+ Rc)-cos a=- Rc+2 Rccos a 

! 

C4y=C5y=(Rc+Rc)sina=r2Rcsina 

[0135] The coordinate (C3x, C3y) of the swivel center C3 is represented by: 

C3x=C4x-(Rc+Rc)cosp=-Rc+2Rc-cosa-2Rccosp 

C3y=C4y+(Rc+Rc)sinp=-2Rc-sina+2Rc-slnp 
[0136] Also, the coordinate of the rear axle center J2 in the vehicle position J3 is given as follows: 

20 J2x— Rc- (l-cosa)-Rc- ( l-cosa-l+cosP)+Rc • (1-cosP) 

=2Rc • (cosa-cosp ) . . . ( 1 ) 

25 J2y—y<cs inct-Rc • ( s ina -s inp ) +Rc • s inp 

=2Rc - ( slnp-sina ) • . • ( 2 ) 

[0137] Here, converting the equations (1) and (2) by using formulae of the trigonometric functions, the following 
30 relationships are given: 

tan(a/2+p/2)=J2x/J2y 
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sin^(ot/2-p/2)=(J2x^+J2y^)/(1 6Rc^) 



[0138] Thus, a and p nnay be calculated by using the coordinate (J2x, J2y) of the known rear axle center J2, and 
these values are stored as a and P in the controller 71 . 
40 [0139] For instance, J2x=2.3m and J2y=4.5m are selected for the coordinate (J2x, J2y) of the rear axle center J2 
with which the vehicle may be parked without any difficulty behind the vehicle 91 . 

[0140] It is preferable to set the values of the coordinates J2x and J2y of the rear axle center J2 according to the 
size of the vehicle 1 , the steering characteristics and the like. 

[01 41 ] The operation of the steering assist apparatus for the in-line parking according to this fourth embodiment will 
45 now be described. 

[01 42] First of all, the driver stops the vehiclel in the vehicle position J3 so that the Y ordinate of the driver's position 
DR Is identified with the Y ordinate of the rear end 91a of the vehicle 91 that parks with the distance d between the 
vehicle 1 and the vehicle 91 . When the function selection switch 76 is operated In order to select the in-line parking, 
the controller 71 runs the program for the in-line parking. Furthermore, when the driver operates the start switch 73, 

50 the controller 71 set the vehicle position J3 to be the zero position of the yaw angle of the vehicle. Subsequently, the 
driver steers the steering wheel 7 at maximum In the right direction to hold the fully steered condition and advances 
the vehicle 1 intact. The controller 71 calculates the yaw angle of the vehicle from the angular velocity of the vehicle 
1 Inputted from the yaw rate sensor 72 and compares the yaw angle with the set value p. As the vehicle 1 Is close from 
the vehicle position J3 to the vehicle position K3, In the same manner as In the parallel parking, on the basis of the 

55 difference between the yaw angle and the set value p, the controller 71 informs the driver of the approach information 
that the vehicle approaches the vehicle position K3 and the reach Infonnation that the vehicle reaches the vehicle 
position K3 through the buzzer 74 and the LED 75. 

[0143] The driver stops the vehicle 1 in the vehicle position K3 in accordance with the reach information. Subse- 
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quently, the driver steers the steering wheel 7 at maximum in the left direction in the fully steered condition and reverses 
the vehicle 1 intact. The controller 71 compares the yaw angle of the vehicle with the set value of a (=P+5). As the 
vehicle 1 is close to the vehicle position L3 from the vehicle position K3, i.e.. as the yaw angle of the vehicle is close 
to the set value a, in the same manner as in the parallel parking, on the basis of the difference between the yaw angle 

5 and the set value, the controller 71 informs, through the buzzer 74 and the LED 75, the driver of the information that 
the vehicle approaches the vehicle position L3 and the reach information that the vehicle reaches the vehicle position L3. 
[0144] The driver stops the vehicle 1 in the vehicle position L3 in accordance with the reach information. Subse- 
quently, the driver switch the steering wheel 7 in the vehicle position L3 in the opposite direction to the fully steered 
condition and reverses the vehicle 1 intactly. The driver stops the vehicle 1 in the vehicle position M3 where the vehicle 

10 1 is in parallel with the parking space D to thereby complete the parking. 

[0145] Since upon the completion of the parking, the yaw angle of the vehicle 1 is substantially zero degree to the 
vehicle position J3, it is possible to Inform the driver of the parking completion Information on the basis of the yaw angle 
of the vehicle 1 to the vehicle position J3. 

[0146] As described above, in the steering assist apparatus according to this fourth embodiment, the camera 2 or 
the monitor 4 are not necessitated, and it is possible to perform the suitable steering assist even for the vehicle that is 
not provided with any navigation system or camera 2 or the like. 

[0147] Incidentally, in this fourth embodiment, the yaw rate sensor is used for detecting the yaw angle. It is however 
possible to take a method in which a means for detecting the yaw angle includes a position gyro or a method in which 
rotational sensors are installed on the right and left wheels, so that the yaw angle is detected from the rotational 
difference therebetween. Furthemriore, it is possible to take a method utilizing an earth magnetic sensor or a GPS 
system. 

[0148] The means for informing the driver of the approach infomiation or the reach infomriation is not limited to the 
LED 75 or the buzzer 74. It is possible to use an LCD, a lamp or the like, or to display the infonnation of letters or mari<s 
on a display. Also, it is possible to utilize the audio or sound information or the vibration that may be transmitted through 
the steering wheel. Furthermore, the approach information or the reach information may be realized by changing the 
volume of sound or tone of the buzzer 74 or the flashing cycle of the LED 75 for each vehicle position that Is the target 
for the approach or reach. 

[0149] Also. Instead of the function selection switch and the start switch, a structure provided with a in-line parking 
start switch and a parallel parking start switch may be used. In this case, the start switch corresponding to the mode 
30 of the parking is pressed to start the parking operation. 

[0150] Furthermore, instead of the operation of the start switch 73, the voice of the driver is recognized by the con- 
troller so that the start of the pari<ing operation is inputted to the controller. 

[0151] Also, the steering operation for parking is not limited to the fully steered condition but a steering angle sensor 
is provided to inform the driver of the steering angle so that the driver may hold the steering wheel while holding the 
35 steering wheel at a predetermined steering angle. 

Fifth Embodiment: 
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[0152] In the fourth embodiment, the set value 6 for the parallel parking and the set values a and p for the in-line 
parking are stored in the ROM of the controller 71 by the controller 71 on the basis of the initial stop position for starting 
the predetennined pari<{ng mode. However, in the embodiment 5, the driver may set the initial stop position to a desired 
position. Namely, the driver may change the set values G. a and p which are set in advance and may reset these values 
to the controller. 

[0153] Fig. 15 shows a structure of the steering assist apparatus in accordance with this fifth embodiment. 
45 [01 54] In the structure of this steering assist apparatus, a check mode switch 82 and an adjust switch 83 are added 
to the apparatus according to the fourth embodiment shown in Fig. 12, and a controller 81 Is provided instead of the 
controller 71 . The check mode switch 82 and the adjust switch 83 are connected to the controller 81 . 
[0155] Incidentally, the adjust switch 83 may be operated in two directions as in a seesaw switch and may modify 
the values 9, a and p and reset them in the controller 81 in accordance with the amount of operation. 
50 [01 56] It is described how the set value 9 used for the parallel parking determined in advance in the controller 81 is 
modified and reset by the steering assist apparatus in accordance with this fifth embodiment with referring to Fig. 13. 
[0157] First of all, the vehicle 1 is stopped in a suitable vehicle position H3 within the parking space D by the driver. 
The vehicle is advanced straight through a suitable distance and stopped in a suitable position in the neighborhood of 
the vehicle position G3. Then, the driver operates the check mode switch 82 and at the same time operates the function 
selection switch 76 for selecting the parallel parking. The controller 81 runs the program of the check mode by the 
operation of the check mode switch 82 and controls the reset of the set value 9 for the parallel pari<lng. Furthermore, 
the controller 81 sets this vehicle position to be the zero position of the yaw angle of zero degree by the operation of 
the start switch 73. Subsequently, the driver steers the steering wheel 7 at maximum in the right direction In the fully 
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steered condition and advances the vehicle 1 Intact. The controller 81 calculates the yaw angle and connpares the yaw 
angle with the value ^ obtained by subtracting the set value 6 from the angle Tt/2, As the vehicle 1 Is close to the vehicle 
position F3, on the basis of the difference between the yaw angle and the value ^, the controller 81 Infonns the driver 
of the approach information that the difference between the yaw angle and the value ^ is close to zero and the reach 
5 infomnation that the difference between the yaw angle and the value ((> is zero, through the buzzer 74 and the LED 75. 
[0158] The driver stops the vehicle 1 in accordance with the reach information. Subsequently, the driver steers the 
~steerlng'wh¥el 7 atlfiaximum the right "direction to b'e in~th'e*f ullyTteered coh'ditiorTa reverses the vehicle 1 Intactly. 
The driver stops the vehicle 1 when the vehicle Is vertical to the parking space D. 

[0159] If the vehicle stop position is identified with the vehicle position E3, it is unnecessary for the driver to adjust 
10 the set value 8. However, in the case where the vehicle stop position is forward of the vehicle position E3, if the driver 
operates the adjust switch 83 In one direction, a signal for correcting the set value 6 to larger one Is Inputted Into the 
controller 81 . On the other hand, in the case where the vehicle stop position is rearward of the vehicle position E3, if 
the driver operates the adjust switch 83 in the other direction, a signal for correcting the set value 9 to smaller one is 
inputted into the controller 81 . 
15 [01 60] Thus, it is possible to correct the set value 6 for the parallel parking and reset it to the controller 81 . 

[01 61 ] The driver releases the operation of the check mode switch 82. The parallel parking is perfomned in accordance 
with the operating method shown In the embodiment 5, so that it Is possible to make a decision whether the value 6 
that has been reset is suitable or not. 

[01 62] It will be described how the set values a and p that are used for In-line parking are corrected and reset by the 

20 controller 81 with referring to Fig. 14. 

[0163] First of all, the driver stops the vehicle 1 at a suitable vehicle stop position in the neighborhood of the vehicle 
position M3 within the parking space D. The driver operates the check mode switch 82. At the same time, the function 
selection switch 76 is operated In order to select the in-line parking. The controller 81 runs the program of the check 
mode by the operation of the check mode switch 82 and perfomns the control for resetting the values a and p for in- 

25 line parking by the operation of the function selection switch 76. Furthennore, the controller 81 set this vehicle position 
to be the zero position of the yaw angle by the operation of the start switch 73. The driver steers the steering wheel 7 
at maximum In the right direction to be in the fully steered condition and advances the vehicle 1 straight. The controller 
81 calculates the yaw angle and compares the set value a with the yaw angle. As the vehicle 1 is advanced and close 
to the vehicle position L3, the controller 81 informs the driver of the approach information that the difference between 

30 the yaw angle and a approaches zero and the reach information that the difference between the yaw angle and a 
reaches zero through the buzzer 74 and the LED 75. 

[0164] The driver stops the vehicle 1 In the neighborhood of the vehicle position L3 in accordance with the reach 
infomiation. Subsequently, The driver steers the steering wheel 7 at maximum in the left direction to be in the fully 
steered condition and advances the vehicle 1 intactly. As the vehicle 1 Is advanced and close to the vehicle position 
35 K3. the controller 81 Informs the driver of the approach information that the yaw angle is close to p (=a-5) and the reach 
infomnation that the yaw angle reaches p through the buzzer 74 and the LED 75. 

[0165] The driver stops the vehicle 1 in the neighborhood pf the vehicle stop position K3 in accordance with the reach 
information. Furthermore, The driver steers the steering wheel 7 at maximum in the right direction to be in the fully 
steered condition and reverses the vehicle 1 Intact. When the vehicle is parallel with the parking space D, the vehicle 
40 1 is stopped. If this vehicle stop position is identified with the vehicle position J3, it is unnecessary for the driver to 
adjust the set values a and p. However, in the case where the vehicle stop position Is different from the vehicle position 
J3, the driver operates the adjust switch 83 to adjust a and p. 

[01 66] Thus, the valuesa and p are corrected forthe in-line parking, and it is possible to resetthem in the controller 81 . 
[0167] As described above, since the driver may correct and reset the set the value 6 for the parallel parking and 
45 the values a and p forthe in-line parking, it is possible to perform the steering assist suitably in response to the difference 
of the vehicles or in correspondence with the circumferential environment. 

[0168] Also, It Is unnecessary to manufacture different controllers for the difference of the vehicles. It is possible to 
prevent the Increase of the parts. At the same time, the management of the parts is facilitated. Thus, the parts cost 
may be reduced. 

50 [0169] Incidentally, in this fifth embodiment, the check mode switch 82 is provided separately from the start switch 
73, However, the check mode switch 82 may not be provided if the controller 81 causes to start up the program of the 
check mode when the start switch 73 operates continuously for three seconds. Such a structure Is adopted to omit 
with the check mode switch 82. 

55 Sixth Embodiment: 

[0170] In the foregoing third to fifth embodiments, particulariy in case of the in-line part<ing, as shown In, for example, 
Fig. 14, it is necessary to adjust the initial stop position J3 in X-dlrection while performing the operation so that the 
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f ; 

interval of the side surface of the vehicle 1 and the side surface of the parlced vehicle 91 Is kept at a predetermined 
vehicle interval d. 

[0171] This operation is in general difficult. Actually, the distance Is offset from the set value d. As a result, this 
displacement adversely affects the different of the parking completion position, 
5 [0172] Therefore, in the embodiment 6, there is provided a distance sensor at the side portion of the vehicle 1 for 
measuring the distance between the vehicle 1 and the parked vehicle 91 or the like. 

[0173] In the start of the in-line parking, the distance between the vehicle 1 and the parked vehicle 91 is measured 
by the distance sensor, the coordinate (J2x. J2y) of the rear axle center J2 of the Initial stop position J3 is corrected 
on the basis of the measured data, and furthermore, the values a and p and the value 5 obtained from these data are 
10 corrected and calculated. Thereafter, these values are used as the set values that become the target values in the in- 
line parking. 

[01 74] In the start of the parallel parking, the distance between the vehicle and the parked vehicle on the side of the 
parking space is measured so that it Is possible to judge whether the pari<ing Is possible or not and to Inform the driver 
of this infomriation. 
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Claims 

1 . A steering assist apparatus comprising: 



a camera for picking up the rear side of a vehicle; 

a monitor disposed in a driver's compartment of the vehicle; 

a steering angle sensor for detecting a steering angle of a steering wheel; and 

a display controlling means for, when the vehicle reverses, displaying on said monitor an image by said camera 
and in the superimposed manner displaying on said monitor a guide display for assisting the drive of the vehicle 
in parking, 

said guide display including a steering start guide linefixedly displayed in a predetemnined position of an image 
field of said monitor for guiding a steering start position for parking, and a steering amount guide mark displayed 
movably along said steering start guide line on the image field of said monitor In correspondence with a steering 
angle of the steering wheel detected by said steering angle sensor 

2. The steering assist apparatus according to claim 1 , wherein the vehicle is reversed straight and perpendicularly 
to a parking space, the vehicle is stopped where a predetermined target point of the pari<ing space within an image 
of said camera overlaps with the steering start guide line, the steering wheel is steered so that the steering amount 

35 guide mark overlaps with the target point, and the vehicle is further reversed while keeping the steering amount 

of the steering wheel to thereby park the vehicle suitably and In parallel In the parking space. 

3. The steering assist apparatus according to claim 1 , wherein the guide display Includes an eye mark fixedly dis- 
played of the image field of said monitor for guiding an opposite steering point of the steering wheel for parking 

40 the vehicle in an in-line manner. 

4. The steering assist apparatus according to claim 3, wherein the vehicle is reversed straight in parallel with a road, 
the vehicle Is stopped where a predetemriined target point of the paricing space within an image of said camera 
overiaps with the steering start guide line , the steering wheel is turned so that the steering amount guide mari< 
overiaps with the target point, and the vehicle is further reversed while keeping the steering amount of the steering 
wheel so that the vehicle is stopped where the eye mark overiaps with the target point, and the steering angle of 
the steering wheel is increased up to a maximum level in the opposite direction where the vehicle is kept stopped, 
and under this condition, the vehicle Is reversed to thereby park the vehicle suitably in the pari<ing space in the In- 
line manner. 



5. The steering assist apparatus according to claim 1, wherein the guide display further includes a pair of vehicle 
width guide lines fixedly displayed at a predetermined position of the image field of said monitor for showing a 
predicted position of both side portions of the vehicle when the vehicle is reversed straight. 



55 6. 



The steering assist apparatus according to claim 1 , wherein the guide display includes a steering start guide line 
for parking on the left side for performing the parking on the left rear side and a steering start guide line for parking 
on the right side for perfomriing the partying on the right rear side. 
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7. The steering assist apparatus according to claim 6, wherein the guide display includes a left side parking eye mark 
for perfomning the parking on the left rear side and a right side parking eye nnark for performing the parking on the 
right rear side. 

5 8. The steering assist apparatus according to claim 7, wherein in response to the steering operation of the steering 
wheel, when the left rear parking is to be performed, color of the left side parking eye mark and that of the steering 
amount guide mark are the same an^~ when the right^rear parking is to be perfomned, the color of the right side 
parking eye mark and that of the steering amount guide mari< are the same. 

10 9. A steering assist apparatus for assisting a steering operation when a vehicle is reversed to be parked, comprising 

a yaw angle detecting means for detecting a yaw angle of the vehicle; 

a reference setting means for setting a reference position of the yaw angle; and 

a guide means for identifying a position of the vehicle on the basis of the yaw angle and for providing steering 
15 information to the driver. 

10. The steering assist apparatus according to claim 9, wherein said yaw angle detecting means includes a yaw rate 
sensor for detecting an angular velocity in a yaw direction of the vehicle. 

20 11. The steering assist apparatus according to claim 9, wherein said yaw angle detecting means includes a distance 
sensor for detecting a movement distance of the vehicle. 

12. The steering assist apparatus according to claim 9, wherein said steering information includes guide information 
for turning the steering wheel in the opposite direction and/or maximizing said steering angle when said yaw angle 

25 becomes a predetemiined angle. 

13. The steering assist apparatus according to claim 9, wherein said steering information includes guide information 
for stopping the vehicle in a target parking position when said yaw angle becomes a predetermined angle. 

30 14. The steering assist apparatus according to claim 9, wherein said steering information is provided to the driver in 
the fomri of a sound. 

15. The steering assist apparatus according to claim 9, wherein said steering information is provided to the driver in 
the form of a vibration. 
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16. The steering assist apparatus according to claim 9, wherein said steering information is provided to the driver in 
the form of an image. 

17. The steering assist apparatus according to claim 16, further comprising: 



a camera for picking up the rear side of the vehicle; and 

a monitor disposed in the driver's compartment of the vehicle for displaying the image picked up by said camera, 
said steering information including a vehicle mark simulating the vehicle which substantially overlaps with a 
line for indicating the parking space on the monitor so as to inf omn the driver of the timing of turning the steering 
45 wheel in the opposite direction and/or maximizing the steering angle. 

18. The steering assist apparatus according to claim 9, wherein said guide means stores therein a set value for iden- 
tifying a position of the vehicle by comparing the yaw angle with the set value and provides the steering information 
to the driver on the basis of the set value. 

50 

19. The steering assist apparatus according to claim 18, further comprising an adjusting means for changing the said 
set value. 

20. The steering assist apparatus according to claim 9, further comprising a measuring means for measuring the 
55 vehicle reverse starting position in relation to a target parking position. 

21. The steering assist apparatus according to claim 20, wherein said measuring means measures the distance be- 
tween the vehicle and an obstacle at the side of the vehicle. 
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FIG. 10 
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